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My background studies

Graduated from a special profession-oriented high school for Marin
Communication and Ship Electronics during which | studied discrete electronics
for general purpose communication device fixing.

Graduated from Istanbul University (IU), Nuclear Physics Department, Tiirkiye.
Studied experimental nuclear physics and developed off-line physics analysis
software.

Worked on gamma spectrometers AFRODITE in south Africa and GAMMASPHERE
at YALE, US, in the name of IU; developed software for every level of off-line
spectroscopic analysis during my MSc at IU.

Worked for ALICE at CERN and developed MOOD (Monitor Of On-line Data and
Detector Debugger) software for IU.

Worked for COMPASS (CERN) and contributed to the development of the FE ASIC,
the CMAD, for RICH-I detector system within the VLSI group at Turin University.

Worked for S-LHC (CERN) and contributed to the development of CP-PLL based
serializer for the GBT13 transceiver within the VLSI group at Turin University.
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Content

Developments | contributed to will be presented chronologically during my PhD with
the emphasis of what is really produced and what publications they led.

» Development
- The CMAD, a full custom front-end ASIC for the upgrade of the COMPASS RICH-I
detector system @ CERN-SPS (complete)

¥ Publications
- |EEE Conference records [x3]
= Full NIM paper (in progress) [x1]
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+ Development Target
- CP-PLL based 4.8 Gb/s serializer and burst-mode capable Clock and Data Recovery
(CDR) chip of Giga Bit Transceiver (GBT) for S-LHC @ CERN (in progress)

¥ Target Publications e e | pout
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- |EEE Full paper [?]

Final Passer

{Retimer) GO0 is naw aware
af coarse and fina
cantrol valtages

Ph.D. Defense, 29 November 2007 - Ozgiir Cobanoglu, Turin / Italy
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~ Physics Interest
= [ntroduction
~ Project Framework
> ASIC Design
- Channel Architecture
~ Building Blocks
» CSA, Shaper, BLH
» 10-Bits D/A, LDO, band-gap
- Simulations
> Measurements
» Conclusion
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Physics Interest

e Spin content of nucleon:
1 1
5= §AE +AG+ L, + L,

1 ‘—» Probe: Photon Gluon Fusion (PGF)

§ == hadron
|—> Method #1: Open Charm Production

Spin-dependent asymmetry for charm-muo
production

Method #2: High-p_events

Opposite azimuth jets preserving the quark hL!Ili'.Ii._L-'.;.“J:"-E
flavor and the direction of hard process

§ == hadron

muon program

* Primakoff Reactions

* EM effects on quarks o
e Production and extraction of: or o

e Glue-Ball spectroscopy
* Exotic states and exotic quantum numbers
 Hexa/Penta/Tetra-Quarks

e Charmed and doubly charmed hadrons

hadron program

Muon Program | Hadron Program

Particles ut m k, p

Energy (GeV/c) 60 — 160 100-300

Intensity (particle/spill) 2. 108 10%

Beam size on targets (RMS in cm) 0.8 0.3-0.5 6
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Introduction
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RICH-I Upgrade

e Previous ASIC developed for CMS, adopted for COMPASS RICH-I
e FE stage not optimized, un-necessary high gain
e Noisy operation
e Low threshold values can not be set

e Low channel performance
e More flexibility needed

Channel thresholds externally and globally set
e Less room for channel equalization
e Need for external circuitry for reference generation

e Channel processing speed of SMHz/Ch must be sustained
e Required by the new fast MPT's

Higher radiation tolerance
e Technology change from 0.8um BiCMOS to 0.35um CMOS
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Project Framework

 Development of a new fast binary read-out ASIC for COMPASS at CERN
e Chip designed to replace an older ASIC (the MAD-4) for the RICH-I upgrade

e User requirements :
* Preserve the compatibility with the existing read-out
e Reduced gain for MPT read-out
e Threshold/Baseline adjustable independently channel by channel
e Hit rate > 5 MHz/Channel
e Power consumption < 30 mW/Channel

e From 0.8um BiCMOQOS to 0.35um CMOS

Technology 0.35 pum
Number of Channels 8/Chip
Preampliier Gain Range 0.4-1.2 and 1.6-4.8 mV/ fC
Preamplifier Gain Resolution 0.1 mV/ fC
Peaking Time 10 ns

Hit Rate =5 MH:z/Ch

Chip Size 1.7x3.2 mm?
Power (w/ LVDS Drivers) 26 mW

Specifications of The CMAD
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Channel Architecture

* Variable gain at Charge Sensitive Amplifier (CSA) stage by means of
adjustable Cf and Rf

* Rail-to-rail output Shaper (SH)

e Continuous-time Base Line Holder (BLH) with Slew Rate Limiter (SLR)

Rf Rsh
M@ AN
w | Cf Csh
. IN Resistive Erom }_ Class AB
in |\ |\ out > preamp OTA
. I/ BV o ——{——— T \<"I/ Vout
Preamp  Voltage Vref_OTA | _:ff ___________________
Buffer : BLH i
Variable Gain A E _@r E E
Charge Sensitive Amplifier i I
I Slew rate i
(VI BLR  jimited butfer |
T Shaper and Base Line Holder
with Slew Rate Limiter
i T E CSA Shaper Comp
PNy w e H ==
| \d i Diff.
L_-____iDetector 1 Obit D’rA I[_)\r):\[?esr 10
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--------

CSA Shaper Comp

Blocks W
10-Bits D/A Converter and LDO o W L-J ; —DZ

Driver

* Iref biases the circuit and is provided by an LDO (Low Drop Out regulator)
* LDO is referenced by a conventional on-chip band-gap reference voltage source

Vdd Repeated
| Bit Slice
Swe b =vdad | e
| | | Vout T o
W/3/L W/3/L
5R 25
OpAmp £=
a9
_________ A
1
L
i Q3 _L Gnd 3
I = - _ Path
= Lo ]22 = oo\ Selector
Start-up R :;_;, .
Circuit 1 n 2 [ e T
1 1
N [ | n=33
i i
!
Band-gap LDO 10-Bits transistor-only D/A
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Current Sink

* |dentical multi-channel architecture requiring 1 —— 1 i
identical biasing channels
* Rely on matching between :

Bit Sl
Blocks S
I o
| |

e Transistors or ? ¢ 7
* Resistors Aol {LETQ----ﬂ”
* MC showed : rely on transistor matching s _J
e
LT
i |1, out
E..g i ' Second
T 120 Gain
——— H ”: 2 { Stage
Internal  +-=}--
___________ XS Compen. —
Start-up e
Circuit | —
- %§ ! First Diff.
! 1 Gain Stage
“Reference

Generator
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Test Setup

— CMAD Read @
Stimuli - Test Out . CANAC
Generator Board Card Optic Controller
& Fiber :
Fixed Fregquency
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I Trigger
Control
System

: HOTLink <= parallel =

serial encoder data bus data
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< transmitter% 'y DAC
T— clock data 8 x settings
receiver ¥ recovery » FPGA Tgger, BOS, -
setup data
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il ;
clock -
distribution 8 x LVDS clock
C-MAD and test board
DREISAM Card ‘

Optic fiber
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Variable Gain WN UE; =

CSA Measurement Result

| | | | | | | | | | |
00— O
I s e=() 5"
; B—& ¢=1 E go—z-
90 S o= E- 80—
. A—h o] g 70—§
B c=4 T e
7 =3 % .
; 80— B—t =6 'E ;
.E, i = =7
f=
% 70+ —
¢ | : |
2 e Rf and Cf are adjusted
60~ . 7 accordingly to preserve
| IN ot . the signal shape while
i o 1 between0.4 mvifc and
= etween 0.4 m an
B P Volt =
D iy 1.2 mV/fC.
00, vy iy oy 4Tt 1.6mV/fCand
0 1 B 3 4 5 6 7 4.8mV/fC in x4 mode
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--------

Gain Linearit W g o
Measurement Result y De i L-J & _DZ

Driver

* Figure shows the measurement result and linear fit on the top and the residual
on the bottom plot. Residual is less then 2%.
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=
I ¥
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Input Charge [{C]
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Thﬁresh o!d Scan

Diff.

I
10bit D/A LVDS

: R1

E CSA ~?;%K\ ?haper Comp.

: [ One

; SWan e H>=
]

1

: Expected plateau : = ___E Detector .
: ; ' i : Driver
= ( | | | w B
=0 I I I
8 — : : : - ) o o . .
J Input pulse height (H) L _ * A standard technique in nuclear
- . — - and HEP experimental systems
2| [\ Channel ! - * Channel equalization
B | Noise | : | Input pulse
E D _'15 Input Code Measured LED Signal
ﬁ I ﬁ e
an G205 228 an 115, -n::;.sz
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Figure : Threshold scan test results, left figure shows the expected plateau, the middle figure shows
the same distribution with a threshold very close to baseline (the peak is due to noise) and no input
signal, and the right figure shows the results from the same measurement performed with PMTs and
LEDs imitating Cerenkov radiation; there is not cut-sighal-region, since the input signal was larger than
the largest threshold value settable.
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Equalization

o Off-set between the 8 channels of the CMAD
before and after channel equalization

Expected plateau

Count

1 1
) Input pulse height (H) k
L : P

Deriv.

E D C Input Code

L ! o A .
' Channel | ! '

! Noise | i !

1 ] H ]

Input pulse

100 I 1 5'0 200
Threshold

Before (50mV)

Count [Arbitrary Unit]

After (~0mV)

Count [Arbitrary Unit]

7634 7635  763.6 1637
Threshold [Digit]

750 752 754 756 758 760 762
Threshold [Digit]

764 766 768 770
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GNA VCC TOUT T ENW_CTRLGND D_EI'"" = 77~ "™7

CO”C’USion _§ % ¢ ¢ § 8 §TheMad-4g

|
Inl O PA SHAPER < . 1 OUTP1
A new 8 channel, full-custom ASIC, named the CMAD, designed o — ‘ A1 —— suor %) -
for the readout of the RICH-I detector system of the COMPASS A-BNL : = OUTNL
experiment at CERN is presented. e | - g:;’m
- I5CR atcH N &
* In CMAD, threshold and baseline of each channel can be Inz O - ~|| - ! | t | I_n OUTP2
adjusted independent from the other channels. GNA O 1
. . VCC O paons fe—H o BIAS BYD
* Thanks to low noise preamplifier, lower thresholds can be set A O H
individually to improve front-end performance with a peaking (':l‘: o WER o oures
time of 10 ns. L.em‘ o [ o
A_EN3 O ; =1 OUTN3
* Adjustable gain preamplifier from 0.4 - 1.2 mV/fC and 1.6 - — L8 oD
4.8 mV/fC with steps of 0.1 and 0.4 mV/fC, respectively. A_EN1 D— '”p-‘ . | O outva
* The new design provides a higher speed of more than 5 Int *“”“ b' o " -0 OUTP4
MHz/Ch with a power consumption of 26 mW/Ch.
* Noise level of 1200 e~ @ 10pF input capacitance g o g B O d o

GNA VCC <T> VTH VREF GND D_ENR1 D_ENRZ VDD

:r____: Other channels The C MAD
Sa\’L 0_|0-'—<| .1 Obité
_{::>F4<::::::ET;*“\ Shaper

Diff.
LVDS
Driver

H =

Diff.
LVDS

* Layout (including the pad ring) size of 4.8x3.1mm?

The CMAD, 4.8x3.1mm2 I | i Other channels
19

\\A\ Ph.D. Defense, 29 November 2007 - Ozgiir Cobanoglu, Turin / Italy




Content

Developments | contributed to will be presented chronologically during my PhD with
the emphasis of what is really produced and what publications they led.

¥+ Development
- The CMAD, a full custom front-end ASIC for the upgrade of the COMPASS RICH-I
detector system @ CERN-SPS (complete)

¥ Publications
- |EEE Conference records [x3]
= Full NIM paper (in progress) [x1]
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+ Development Target
- CP-PLL based serializer at 4.8Gb/s and burst-mode capable Clock and Data Recovery
(CDR) chip of Giga Bit Transceiver (GBT) for S-LHC @ CERN (in progress)

¥ Target Publications o o o Dout
< |EEE Conference records (in progress) [x1] [0} o e

= |EEE Full paper [?]

Final Parsar

(Retimer) G-WOD s maw aware
af coarsa and Fina
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LHC Upgrade (1/2)

> 3 concurrent communication systems in HEP
e SC - Slow Control
e TTC - Timing Trigger and Control
e DAQ — Data AcQuisition

> LHC Upgrade:
e Electro-weak physics, Higgs physics, SUSY, Extra
dimensions, Strongly coupled vector bosons (if no
Higgs)
e Half the bunch crossing interval (12.5ns)
 Higher Luminosity — Detector Upgrades
 Higher Energy — R&D needed for magnets (>9T

ALICE

West Area

field)
> GBT is proposed to be a 3-in-1 communication system otone
. antiprotons
replacing SC, TTC and DAQ together o TP
 Higher data rate @ SLHC
e More error prone @ SLLHC LHC: Large Hadron Collider
SPS: Super Proton Synchrotron
* Replacement needed due to rad-defects AD: Antiproton Decelerator
. ISOLDE: Isotope Separator OnLine DEvice et
* Lower maintenance cost PSB: Proton Synchrotron Booster "
PS: Proton Synchrotron
* Increased robustness X LINAC: LINear ACcelerator
co LEIR: Low Energy Ion Ring

\0 30\1 CNGS: Cern Neutrinos to Gran Sasso
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LHC Upgrade (2/2)

e 1. Transmission of a single trigger type,

e 2. Several bunch crossing periods are required to transmit broadcast
commands and slow control data,

e 3. The system is unidirectional. This required the late addition of an 12C
network in order to control the TTCrx, necessitating the presence of an
additional control path,

e 4. Although broadcast commands and slow control data are protected by
error correction codes, the trigger data are not,

e 5. If not synchronized with the TTC signal source, the TTCrx generates a

random clock frequency. This is undesirable for purposes of system
development and testing.

23
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Transceiver GBT

GBT-13
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Serializer Bl e

e CP-PLL based

» 4.8 Gbit/s output speed

e 40 MHz LHC clock as the reference for the CP-PLL

» Using only rising edges of clocks (no duty-cycle induced jitter)
e No MUX, 4 switches instead

e Triple redundant against SEU

* Qutput re-timer

I+

-J Frame -
40MHz 120-bits
fc ] o’ 4, 8,12, ... 3,711, .. 2, 6,10, ... 1,5, 9, ..
LHC
J L Out
Load . T
. ] ] L Ny > 30-bits
it /4 _
. /
 — Y 30-bits
s s : PN X L
5 L " 30-bits ' ? ) DFF
;’ >
' T > 30-bits e L_)\ 5 ) b
aal a3| az| a1 Fhit
Clock Generator %630 " o4 N
f'I e
He [ 4.8GHz
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Feed-Back System Behavior
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Decay 210 i =
a 0.8 N— L
= 09
¥ Mo Growth ¥ = o b \\/// \ /
Z 08 20 1\
. & ] ¥
Re 2 07
¥ ¥ = \ [
K\ 06 /
o * E * ___-'" 05 \\//
No Osc., . No Osc., A No Osc., 0.4
Fast Decay s No Growth U/ Fast Growth 03
Osc. Osc., oz ff
Decay ¥ 1N, Growth 0.1
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27

Ph.D. Defense, 29 November 2007 - Ozgiir Cobanoglu, Turin / Italy



COI‘ eS # 1 (CaPPeLLo : C/C++ and Octave m-files)

- - - - - -
Octave m-file simulating the PLL Octave m-file simulating the PLL
- . .
Core calculator function for 16 parameter sets (beginning) for 16 parameter sets (end)
Docum
File Edit Search Preferences Shell Macro  Windows Help | File Edit Search Preferences 3Shell Macro  Windows Help | File Edit Search Preferences 3Shell Macro  Windows Help |
it{13; Ly 1 A 271 A
) g A ¥ # 377 # Enter the tramsfer function #
1049 ) 3 # OCTAVE script to evaluate the closed loop parameters of a CP-FLL. # 273
110 wetaxw 0; 4 # Loop parameters are calewlated by CaPPello and "condition” # 274
111 ¥ * S # wariable corresponds to 16 different loop parameter sets. # 275 mam = [{BEFCFwt2) (wnt2) ]
11z E# # 276 den = [{1/R) (2¥EsiFwn/R) (woFwn/H) ];
113 47 7 # http: Sfwww phownito. it/ ~cobanogl, Ozgur. Cobanogludcern. ch # 277 T = tf(oom, den, 0, "ClkLHC", "ClKPLLSR");
114 ink caleulate(s € i # # 278
115 C1= (KoFToph/ {EXFI W Wa oY ; ] 279 # see what you entered
116 C3max=0. 1¥01; 10 # # z20
117 C3min=0. 02%c]; 11 # ¥p Icp Tan p:ATLT) # 281 spsout(T)
113 C3={Cmint Cimax) /2. 0; 1z # oo S S A el + oo + # 282
114 Tau={2¥Ks1)/Wn; 13 # wi --¥| PFD |--%| GF [--%| LFF |---%| WCO |--+--% Wo # 283 # Extract some parameters to cross check
120 B=Tau/Cl; 4 # Fomhooh Ammmed e A i + # 284
124 Wa=ZFPIF {1, 0/ (R¥clh); 15 # | X | # 2385 damp(T)
Jaa K= {Eo*Top Ry/ { Z¥PIFRY ; 16 # | waosn R | # 28E )
123 Emax= {2*PI*Wi*H)/ (Ko™ Icpd; 17 & Hmmmmmmmo-m---oo | BH O [d--mmmmmmo oo + # 287 # Do I have a manageble system (Teminology from control Theorp)
124 Bl={{Wn/2. 03% (Ksi+1. 0/ {4, 0%Kksid}y; 1a # # 288
125 proportionalTem=Tcp®R; 19 # X X # 289 is_observable (T)
176 integralTem=Icps (CIFWil; 20 # [spstem wnder consideration] # 2490 is_controllable (T)
127 if (B <= Pmax) isPmaxok = true; i 231 is_stabilizable (T)
128 else izPmaxok = false; 2z 292 is_detectable (T)
129 if (E*Tau < Wi®Tan) isstable = twue; 2% elear 233 is_stable (T)
130 else isstable = false; 24 234
121 relwm 0; 25 B
132 3 26 # Parameter zet for CP-PLL - by CaPPelLo # {(Defterine bak) 296 # simmlate the sypstem #
133 27 DUT AR
134 f7 28 298
135 ink outputy { 29 299 yeange = logspacellogl0f0. 1), Logl0010°10),100);
136 printf{'Loop Parameters : “nin"); 30 g s 200 impulsedT, 1, 2¥10%-&, 1000); figure;
137 printf{"Wi in Mradss : s, (£leat) (Wwi/1.0EF if (conditIfft == 0) 01 step(T, 1, E¥10%-g, 1000); figure;
138 printf{"wo in Gradis s omfhn', (Fleat) fwite¥l. ( 2 # CaPPelLo -Kwoo 35.0e3 -H 120 -wi 40.0eb -kKsi 4.67 -Wn S00.0e3 -Icp 5.0e-6 302 bode(T, wrange); figure;
i I 2% wn = 5. 141533¢6; 303 rlecus(T, 0.001, 0.0, 1.0); figure;
| T 4 0 1z0.000000; 204
/‘ 25 Ksi 4. B70000; 205
: o 36 Ko 213.911484e3; 306 # Hoisze perfommance of the spstem #
37 Iop . 000000e-6; 07
a8 147 Te0040e-12; 208
L) 20120, BEEE41; 209 nom = [(2FEiFwma*HY (RFwm™2) ]
. 40 K = 23342475, 000000; 310 den = [1 (2¥E=i*wm) (um™2)];
41 Tan = Z.973014e-6; 311 Teefzout = tflnom, den, 0, "LHC_Glock_Hoise", "PLL_Output_Hoise");
L4 CaPPeLLo. Cxx IS the Code 42 KTanZ = 87.235E0E; 212 bode(TrefZont, wrange); Ligure;
42 wiTanl = 747 200016; a1z
H 44 endif 314 spsout(T)
which corresponds to my i R
46 if (condition == 1) 316
- 47 # CaPPello -Eweo 235.0e9 -H 120 -wi 40.0eb -¥=i 4. 67 -Wn 1000.0e2 -TIcp 5. 0e-B 217 yom = [1 0 0];
hand Calculat’ons 48 ym = £, 28318Cek; 218 den = [1 (K) ((Eo*Tepd/(2%pi*R*edd];
L) 43 H 120, 000000; 313 TweoZout = tfloom, den, 0, "VC0_Hoise", "PLL_Output_Hoisze");
50 Ksi LETO000; 320 bode(TvecoZont, wrange); figore;
51 Eo = 213.911484e3; 321
52 Iep = 5.000000e-&; 222 spsout(T)
L = 2E6.340010e-12; 323 damp(T)
- 54 R = 40241, 113281; 4 4 24 <
L Ru N Ca PPe LLO for eaCh 55 K = 58634356, 000000 -] 325 pause i
e 1 S ol ]

parameter set to have
the required loop
parameters for evaluating

e Run the above m-file for 16

th ’ ’ b h - File Edit Search Preferences Shell Macro  Windows Help |
ec osed oop enavior 10  CaPPeLLo -Kvco 35063 -H 120 -Wi 40.0ef -Ksi 4 67 -wn 500, 0e3 -Top 5.0e-5 |- pa rameter sets to prOduce
. h- o 21 CaPFeLLo -Ewco 35.0e3 - 120 -wi 40.0e6 -Esi 4.67 -Wn 1000.0e3 -Top 5. 0e-&
32 CaPFeLLo -Ewco 35.0e3 -RH 120 -wi 40.0e6 -Esi 4.67 -Wn 1500.0e3 -Top 5. 0e-& -
Wlt In Ctave 4 3 CaFPelLo -Kwco 35.0e8 - 120 -Wi 40, 0eE -Kzi 4.67 -Wwn 2000, 0ed -Tcp §.0e-& the root IOC’ and bode
54 CaPFeLLo -Ewco 35.0e3 - 120 -wi 40.0e6 -Esi 4.67 -Wn 500.0e3  -Top 100 0e-& ’
E 5 CaPFeLLo -Ewco 35.0e3 -R 120 -wi 40.0e6 -Ksi 4.67 -wn 1000.0e3 -Tocp 100 0e-& -
76 CaPFeLLo -Ewco 35.0e3 - 120 -wi 40.0e6 -Ksi 4. 67 -wn 1500.0e3 -Tocp 100 0e-& I t I d t
87 CaPFeLLo -Ewco 35.0e3 - 120 -wi 40.0e6 -Ksi 4. 67 -Wn 2000.0e3 -Tocp 100 0e-& p O S, ’m u se an s e
98 CaPFeLLo -Ewco 35.0e3 -R 120 -wi 40.0e6 -Ksi 4. 67 -Wn 500.0e3  -Top 15.0e-6
10 3 CaFFelLo -Fwco 35.0e9 -H 120 -Wi 40, 0e6 -Ksi 4. 67 -Wn 1000, 0ed -Top 15.0e-6 f th t f
11 10 CaPFeLLo -Fwco 35.0e3 -R 120 -wi 40.0e6 -Esi 4. 67 -Wn 1500.0e3 -Top 15. 0e-6 responses O e rans er
1z 11 CaPFeLLo -Fwco 35.0e3 -R 120 -wi 40.0e6 -Esi 4. 67 -Wo 2000.0e3 -Top 15. 0e-6 -
13 12 CaPFeLLo -Fwco 35.0e3 -R 120 -wi 40.0e6 -Esi 4. 67 -Wo 500.0e3 -Top 20.0e-6
14 13 CaPPeLLo -Kwoo 35.0ed -H 120 -Wi 40.0ef -Ksi 4,67 -Wn 1000.0e3 -Top 20.0e-6 funct’ons
- 15 14 GaPPeLLo -Fwco 35.0e3 -R 120 -wi 40.0e6 -Fsi 4.67 -Wn 1500.0e3 -Top 20.0e-& <
16 15 GaPPeLLo -Fwoo 35.0e3 -H 120 -wi 40.0e6 -Ksi 4. 67 -Wo 2000.0e3 -Top 20.0e-6 i
| ——" A==l

(high resolution images, zoom in) | 28
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CP-PLL Stability Limits
Theory & Practice

10000 ——————

‘Simulations

- 2Mulatil S —  Z-Plane limit
- showed stable loop

—  Overload limit
Choice (£E=7.0)

Choice (E=6.0)
Choice (E=4.67)
Choice (£=3.0)
Choice (£=2)
Choice (E=1.5)
Choice (E=1)
Choice (E=0,707)
Choice (£=0.3)
Choice (£=0.2)

Choice (E=0.1)
| | Settable Extremes

T

K* (K*Tau2)

X+ & wd ¥4 000

s . ........... ..... t”elocpcannet: Not a/l the

...................................

R RO iR .. betreated purely | settable
}“_?I[‘..’asdlgitali parameters
IR EEE NN IR EEEEEE guarantee

10 100 1000 10000 Stabi[ity /11
WitTau2
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FofClle ] LJJ
Pro |Icp I--:----L-rf--—--— ?ICTO s . CIKPLL
| | 1 ban o ¥R L
— e e T
D> LD> D> 1 acal - ; i
Out ==
Clock Goncrator %30 ||:3IE.I—T <
S elf to sorializor
>—1 Biasing
Vetrl (bn) bp
| Out
op, [ ") —] I I
o in- in-
Ii in+ — —_—
SBC | |
bn l
| © 005 — Iphae : T
L bn L ol IS8 e Jpa—
004;
- —— 1 -20 132 F.dat %”""Sf
| —— 1 12% 108 £.dat £ ool
L 25 120 £ dat i
LAe+10 —— 2 -20 13z f.dat 3”0'57
2 125 108 F.dat z 0025
1.3e+10 2 25 120 £.dat 3 oois|-
1.2e+10 3 _-20 132 £.dax UUI;
— o —— 3 125 108 £.dat [
L le+l0 3_25_120_f.dat 0.005 - .
— 4 =20 132 f . dat 0 | | |
le+10 4125 108 E.dat o o Veul Yol 6
— —— a_25_130 f.dat - —
S 9e+09 —— 5_-20_132_f.dat P A
out+ out- = _ 5 125 108 £.dat g P /_/ T
bp g Betl9 5 25 120 £ dat A i
o —C g 4.3 GHz ya s —
§, Te+09 T
= 6et09

|]|_oin+

56+00 R L TR T TR RN R TR TR R T N PR R TNt e

A (19
Je+09

2e+09

le+HI9

Veul [Volts]
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TeSt BenCh (iVerilog (open), VerilogXL & VerilogA (Cadence)) lead Locp fiter

1 1
Jitter at = = _!
1 1
Probe_A —o Reference : rel| 1 C1__ '
] : A 1
F==-=-=---s-eceeeee-esessa-ssssssss=s=====a=--d S EEEEE TR 1 ' R —,
1 [] 1 [ ]
1 n, I'_n [] 1 o 1
| A-8GHZ | high freq r)' deal %120 N v oref up v ! ' '
| Cleck N - - =1 1 FFD o ——t——t——= :
| Generator Jittered %120 o : —
1 1 —
------------------------------ B L T L T =
A0MH z Reference Clock Generator = . ClkPLL }U
O
Probes k=
| e e 1
: local : e ldeal VO
1 1
' Jitter Frobe —2 low ' —  |ldeal ¥120 | 52 <
: ref . —°_’_1L<,t°—\- Jittered W CO |
1 1
 high_f : Ty
v high_freq hi '
1 |gh 1 _n 1
: Jitter Frobe p—o ! Probe B d ':[\;[Erbat
1 1
1
P IR : Corners
E CIkPLL - Table 5.3:_Technology process corners used for parameter extraction. 513.04
1 _— . | Index | Corner | T [C?] | Vdd [V] | Abbreviation d
' Feriod e s
: . 0 1 125 | 1.08 1.125_108 E ]
: ref | T Vctrl
. , 1 1 25 12 1.25.120 1
: Period hie - - C
' - 2 1 -20 1.32 120,132 5080
: ‘ 1 5wl
' local ) 3 2 125 | 108 | 2.125.108 PR
' —F"e-r iod MEi 4 2 25 12 225120 ol LI
foommmmmmmmmmmEmnmm) 5 2 20 132 2.-20_132 s F
Frobes used 1o colled 400 req.
6 3 125 1.08 3.125_108 150 e
o —
7 3 25 1.2 3252120 150, 0=/
8 5 | 20 | 132 | 320132 o 21 Phase
) 4 125 | 108 | 41250108 g o &4
10 4 25 1.2 4.25_120 Iiﬂ ;
11 4 20 1.32 4..20_132 150.0 :
0 1.0 0 30 ]
12 5 125 1.08 5_125_108 e (=) ‘
13 5 25 12 5295120
14 5 -20 1.32 5.-20_132
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[ ) o
Slmulatlons (iVerilog (open), VerilogXL & VerilogA (Cadence)) w: >|PFD|>|cP|>|LPF|>|vco|T> Wo
I Wo/N ot N*Wi i
[ |l '

* Very noisy VCO + very noisy Reference moved from
40MHz to 36MHz)

reference &

e Initially not locked 2e+05 7
B o Red : VCO period |

* Reference frequency step of Phase Black : Ideal VCO period

10% some time after |ock|ng let05 lock is Green : Phase error (probe high) _|

- lost - Blue : VCO Duty cycle error
Ideal duty cycle error

 Low bandwidth CP-PLL filters B i

out the noise at the reference

input (i.e. slow loop) HWW

e Effect of damping factor for

Input Jitter Suppression Input Jitter Suppression
O . 3 a n d 1 . O Input Jitter = 200ps (p-p), £=0.3 Input Jitter = 200ps (p-p). &= 1.0
,) ' | ' ' ‘ ' — LHC Clock Period ' ' ' ' | — Ref. LHC Clock
25.1M — Period of (VCO+%N) | o 0 — Clock of (VCO+%N)
Red : Period of VCO+%N ‘
Black : Reference period with > sim ||] N

200ps (p-p) jitter »

Period [fs]
!_ﬁ
[=]
=
Period [fs]

249M ‘ =
1 ‘ 1 | L | 1 | L | 1 | 1 | 1 ‘ 1 ‘ 1 ‘

2e+10 4e+10 oe+10 8e+10 le+ll 2e+10 4e+10 Oe+10 8e+10 le+ll
Simulation time [fs] Simulation Time [fs]

(high resolution images, zoom in) | 32
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COI‘ eS #2 (Octave m-files)

e Simulation results (one dimensional data files or vectors of instant period for locked state) are
evaluated with the following m-files (high resolution images, zoom in) :

nodMeter.m - /home/oc/Documents/PhD/HDLVenlogA/ivernlo cc.m - /home/oc/Documents/PhD/HDLWerlo m - /home/oc/Documents/PhD/HDLWernlogANVernl. .
File Edit Search Preferences Shell Macro  Windows Help | File Edit Search Preferences Shell Macro  Windows  Help File Edit Search Preferences Shell Macro  Windows  Help
1% produces plods for fhe cxdput of the PLL A 1 % refurns the opele-fo-opole jitfer of the veofor A 1 % refwrns the sbsoliwte Fitfer of he veotfor A
2
2 elear; 2 funetiom retval = colwechor, offset) 2 fwnction retval = ajlwvector, average, offsed)
4 4 retval = 0; 4 retwal = 0;
E load outfperiodieter. dat; 5 if fnargin != 2} 5 if (nargin != 2}
E offset = 100000; 3 usage ("co (vector, offset)"); 3 uzage ("aj (vechor, average, offszetd");
? ? endif ? endif
8T = center = mean({perioddeter); g if (isvector (wectord)] ki if (iswvector (wector))
3 5igma = stdlperioddeterd; length = lengthiwvector); length = length({vector);
10 maxdT = max{abs{perioddeter-T))/T; in i = offzet; in i = affset
11 11 som = 0 11 s = 0;
12 fprintf("cenker = % f7, IfCenter = % Sgin", T, I/TN; 12 while (i< length) 12 whiled i< length)
1% fprintf("sigma_sbs = % %g, Sigwa_rel = % 57%%\0Y, Siges, FOOTSigualT); 13 difference = wector(i+l) - wector(i); 1z product = wector(i) - awverage
14 fprintf("Max AT = % Fg%%ln”, IJ00 mswrdr); 14 s = sum + difference * difference; 14 sum = sum + product ¥ oproduct
15 fprintf("Absolute Tiier {ajd) = % Fgln¥, afiperdodieter, Cenfer, offzetl)); 15 i=i+1; 15 i=4i+ 1;
16 fprintf("cycle-to-cpcle Jiier (occd = % Fgla", cofperiodieter, offsef)); 16 endwhile 16 endwhile
17 17 retwal = sgrbfsum)s length; 17 retval = sqrb(sum)/ length;
18 18 else 18 else
13 plot (perioddeter); figure; 13 ercor ("ERROR : co : Expecting a wector argument !.."); 13 ercor ("ERROR : aj : Expecting a wector argument !..");
20 hist (periodMeter, 200); figure; = 20 endif = B 20 endiff i
. 21 4 21 endfuwnction i 21 endfunction
22 pause; i s TRl == 1
| =" SR

 These are the m-files to calculate the statistics, plot the the periods of interest as a function of
simulation time (also in histogram form) as seen below :

Statistics :

Center = 2.08333538e-10
1/Center = 4.79999528e+09
Sigma_abs = 1.87044613e-13
Sigma_rel = 0.0897813257%
Max dT = 0.27241816%
Absolute Jitter = 1.91269e-16
Cycle-to-cycle Jitter = 2.70e-18

16000

€ 2.03e-10 r r r T r T T
ling 1 ——
g 208810
£ 2.0met0f ‘I “
2 2080}
& 2.08zZe-l0f | |
p 2,08e-10 |
T 20710
2 o.0%e-10 . . . . . . . .
z = = = = = = =8 0 100000 200000 300000 400000 BOOOOO  BOOOOD  TOO00D 00000

(high resolution images, zoom in)
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Transceiver GBT

GBT-13

Line Format Zuretliode
User field (84 bifs, 3.36 Gb/3) p Work here !
Tx | Rx | A ' ' CDR Ser/Par  jmmpel Decoder & e 10
" SC| e | R rec = & PLL - ‘Converter Error Comection Interface
FE T
: "|High Resolution
P " a2 : — Clack Clock Phase Adj °C &
/: I:I'I'_ Generator i PPor
LHC Bunch
B| Rx | Tx Rx Frame: 1 SLHC Clock Cycle (120 bits, 4.8 Gbs) En'ulai"nr
Configuration Command Decader
A A Registers |4 ..‘;. & Trigger
=
¢ ¢ RK Work here ! "
X L
! " ParallelfSerial Encoder 10
SC = 4*40MHz = 160 Mb/s 1 Laser Diode Converter ¢ & FEC ¢ Interface
TTC = 16*40MHz = 640 Mb/s Rx | Tx Rx | Tx Rx | Tx L T L]
DAQ = 64*40MHz = 2.56 Gb/s
I—‘ I—A \—‘ Cable Self Tast JTAG FEU monitof | Watchdog
3 i n 1 i ¢ L Logic Slave & Correct | [& Init Logig
= = A}
Simplified GBT Block Diagram

Receiver

De-Serializer

ra FEC Decoder > De-Scrambler

Transmitter

Conceptual Electrical Transceiver
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Burst-CDR for GBT of S-LHC

8 Packet based switching & routing

= Burst-Mode capable Gb/s class Clock and Data ‘ ZZ/C;(et?/ﬁfgaiéffgr,qumgﬁr & time
Recovery (CDR) chip of Giga Bit Transceiver p Eachy’package coJ;d have ayheader
(GBT) for S-LHC @ CERN .

-« My contributions is modeling, designing, (preamble) to be used by the receiver
implementing, and testing of burst-mode for synchronization

capability building block of the full CDR ® Payload is encoded (e.g. Manchester
or Reed-Solomon) requiring a decoder

+ Development Target

~ Tx
Burst-mode |_ . [] = Optic = \‘x P e /
Receiver — Node [— W
\T / Tx
Independent data packets @ -
_ X
User field (84 bits, 3.36 Gb/s) — NDdE‘ —
A ]
! ' Tx
H|SC| TIC D FEC
64 B 32 :i
J
\/
Frame: 1 SLHC Clock Cycle (120 bits, 4.8 Gb/s)
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CDR Classification

1) PLL- Based 2) Blind Oversampling 3) Gated VCO
m DFF Recovered Parallel samplers Phase detection logic
. ‘ b Q Data Din » D-FF Dout
IJ'“e{y L Serial data R ]
npu Recovered Stredm s Y
CDR 29 .
U ctoc TP sme R e e e
\ y Circuit
Fine ; j
fin fout Lllifce{ence F YYVYY .
PD{cpP LPF VCO ) Din o [D-FF | »Dout
Multiple phase B"tj btou?dary = 1
cp Coarse clock generator clecion ) CKout
Lock
Detector
PFD [~—] %N GVCOT — —[lG-VCOIZ
frof . ’[ Vetrl f
Behaviorally CDRs are:

4) DLL- Based
(b)Data- De- skew

. Data
Retime

A

Edge
CK Detector

e Continuous vs Burst
 Closed vs Open Loop

* Filter vs Over-Sampling
 Delay Clock vs Data

» Digital vs Analog

k4 A 4

Variable | | | Phase Loop
Delay Detector Filter

f

5) FSM Based

Finite State Machine (FSM)
. i
1 Input |Combinational | n+log,n!
H Logic , bits , | Output
| for & s Logic | :
H States '
1 1
! i
! n+log.n n+logn
1 ot 4 s '
bits bits '
- 5 Tb & \‘ 1
+ | Delay :
1

ClkLHC T_| PFD ] CP | LPF |—

=
—
()]
[e»]

6) Hybrid

feed-forward high-frequency jitter tracking
20 parallel samplers

~
. 2 HHHHH .
Xin ] g 7 J' T84 FIFO > Xou
¥ [ARERE
Transition &
Fine-Phase |data size 3-5
20 C’T") Detection |FIFQ write pointer
| 20-phase 800MHz VCO LPF k- pac
- J
Y

feed-back low-frequency jitter tracking
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Simulation

20

— Vecirl=0.5V
IS |— Venl=0.6V —
— Veirl=0.7V
sy - - — Veul=0.8V -
Condition is met: £ 10 Verl-09v N
10% MC worst-case frequency - VerloL 1V l
difference, thus a tolerance of 10 gf L= Veul=l2v i
CIB in a random input data stream ]
0 1 ] | 1 ] | LS ] }
-600 M -400 M -200 M 0 200 M 400 M
Frequency Difference [Hz]
1.25-{/clean’
1.0
< 757
z 5 Data are accepted
.25
N
1.5 /veo VA \
| nNnnnnnnnnnan
> Accumulated CK error is reset
_ yyvyuyuyyuuvuyyyuy
s AN 7
|/Gatel
12 S—H ~
1.0
s Gating signal is generated
pu
2
1.25-/Input} -— —
Din transitions after a long CIB
1I.EJ | | 20 3.0 | | 40 | | 5.0 37
time (ns)
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A I ey

]
]
]
]
]
]
]
]
1
]
nt=1 :
]
]
]
]
]
]
]
1
]
1

Q
©
004|
Vctrl
560n/120n _l_ :
] | i
N GVCO(z”Buffer Divider D-FF  Buffer =
G_atlng > d %64 D Q —D-I>—0 :‘
Signal : ’+\ Output
pad
Vetrl * l ) - MC\
] T T 2 T T T T3 " " - - a g
! Fast D-FF N vdd z °
1 4 ! ©
; [ {0 (Liel (@0 3
[ ': 1 E
: T it l—=Q
: hRkl z z
 O——iL 4L HCEHC HD 1
; — Gnd :E E I O L . R
i i+ Inverters ! 04 05 06 07 08 09 1 11 12

Vetrl [V]

» Effect of pre-fabrication steps, such as chip filling
» Accuracy of the models: the cross-section of low and high
frequency models of the transistors

» [ssues relating to the measurement system itself 38
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Measurement (2/2)

pad
VCtl/
Oscilloscope W 2™ rising
triggers

Gating
Signal

GVCO Buffer Divider D-FF Buffer

™ %64

Output

edge

F1 perhisti
A0.0 mbidiv
-69.0 m¥| 1
i

A0.0 mbidiv
-B8.0 mY

JVCO’CQO = \/13082 — 9.522 = 897])5

2nd 1st l

Standard deviation
of cycle-to-cycle
jitter associated

with the VCO

base -16.69 ng [Trigger =
00 pefdivf Marm.  80.0 mi
2508 5.0 GEIg

Hl= 699 MHzZ
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Conclusion (2/2)

* The Project
* Early stages
* Needs Multiple Prototypes
e Currently Complete Sub-Blocks or Test Structures on Shared
Dies

 CP-PLL based Serializer
* Full Transistor Level Implementation Done
e 130nm, CMOS
* CP-PLL Loop Parametrization and Evaluation with CaPPelLLo

 Burst-Mode CDR
* Currently no decision on architecture by the collaboration
* | used two adopted architectures: CP-PLL Based Gated-VCO
* Currently not full speed, needs engineering
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Thank you.
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Introduction (1/2)

HEP path is :

@ _ .to accelerate particles through particle accelerators,
a . .to collide them at high energies within large detector systems,
@ ..to detect the interactions of the particles in the form of “events’,
a .. .to store huge amount of data (Peta Byte per year),
@ . .to process this data and analyze physics events,
a ..to understand the physics of sub-atomic world.
Example : - -
COMPASS is an experiment at the Why full custom ASIC ?
CERN SPS designed to study the structure and @ Heavily radioactive environment
Maanels | spectroscopy of hadrons with diverse types of @ Time and spatial detection
nﬂ high intensity beams. One of the key resolution
_ components of the experimental apparatus is a @ form factor limits
Tl'aﬂklllg Ring Imaging CHerenkov (RICH) detector, used @ /n-existence of commercial
HECAL to perform particle identification (46 KChannel). solutions
ECAL RICH2
r. ‘. Muon Wall 2
RICH1 SM2




Back-up Pages

Primakoff Reactions

almost solely addressed by low energy
Predictions on polarizability and cross electron accelerators

I-—_| sections in pi-gamma are available L

high energy pion, kaon, and hyperon
™| beams allow complementary measurements

QCD predicts glue balls and hybrids

DCGQ can not predict non-gqb spectrum,
glue ball and hybrid identification is
ambigiocus

Ligth Quark and Glue Ball Spectroscopy // Asmany decay modes and production
.| mechanisms as possible must be available

central production

) Two production mechanisms | [ o cive scattering of mesons by
with Hadron Beams .

nuclei

theoretical predictions are available
now

Semi-leptonic decay widths |
\\ they provide a link between lifetime and
hadronic branching ratioc

their structure may resemble a heavy
Charmed Hadrons meson.

Doublv-charmed hadrons / they can answer questions related 1o
¥ | decay dynamics

/

ccg-baryon is rare, high rate system is

needed
Their production mechanisms
i N gluon Interpretation : the explanation
COMPASS Ph}"SlCS Overview After confirming the EMC result by IS I3"3'|'-=”'I;E'I| ';I|'-IE. '._'I|E|'Ea ) which lowers
recent experiments at CERN and at SLAC, th_e quarks contribution to nucleons
itis now firmly established that the =pin

spin content of the nucleon is not guark Interpretation : as an alternative
|| entirely due to the quark spins model, a negatively polarized strange

\ at quark is responsible

Spin dependent fragmentation functions

with Muon Beam

Spin-dependent azimuthal asymetries
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Blocks "
| [ One
w| Cf | ) Shot —DZ:
CS A in N out Diff,
I }B BLH LVDS
st Driver
1 Stage Preamp  Voltage
Buffer
V=33V

v ouT

M,

T

J'IC)A

(1) IRE]: 1 . Q) IRE F2

w1/

pN
\ 2y

Q

™ =N

.y
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Rsh
BIOCkS Csh lJ' é)hn(;at _DZ
Class AB
o _{ Diff.

Shaper Core peamp [ 1 a
2nd Stage (1/2) Vref OTA _: -~ river

Peaking time 10-20 ns

f -

I BLH

: : Linear output swing 29V

i _@E ' Nonlinearity 1.5 %

[} ]

' Slew rate : Slew rate @10 pF load | 500 V/us

VIt BLR  jimited butfer ,

L 1 Noise @10 pF capacitance | 1450 e~
Power consumption 3.3mW

on T N
— L, Vout i é _ }_“'—“ biasi

ET ]}—Obiasi

Al i M
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Blocks v

|
i [ One —DZ
| I
Shaper Core fom, [ ot |
p Vout i_ - E Detector BLH LVDS
Sy

nd Driver
2 age Vief OTA
:.--------------------E-LH-: Peaking time 10-20 ns
1 1
: E : Linear output swing 29V
i _@]_T i Nonlinearity 1.5 %
[} ]
i Vref BLR Slew rate : Slew rate @10 pF load | 500 V/us
:_ [ |I_r'[1|_t?£:|_t2ljtf?[ _: Noise @10 pF capacitance | 1450 e~
Power consumption 3.3mW
bias D_| l]__“'_J bias .,_“'_J _“'_J bias D_“'_J ﬁl’j bias .)_H'_J_“'_J 4“'_{,“”1
W g e Tt g g
In+ |
D—{ b B b et I E
- o i~ -
jl—\.ﬂ _I I 3 o
1L s 1L 1L s s
il it k- —
3 M4 out
I:l 4] I o
Mi3 | s 8 Lr s
o _I—; _________ b L L b }J T
M3 -J W W s Y
M24 T e o e T e o
~ | [ E Miz
- !
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Blocks oo
i i | [ . One
* | i | I Shot —DZ
FE Oper ation | i Diff,
L_=____iDetector BLH LVDS
Driver
CSA
Y Shaper
— A o I .
E Rf |}
1
1R " cf |
1
1 1
a b
N o—e—t i
| : out_SHP
I :
Vref OTA = r=q-———-=-=----—-
R =1 KOhm
Rsh = 20 KOhm Vref_BLR
Va=06YV
Vref BLR=2.7V e e LT
Gm
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Repeated

Bit Slice
Blocks R
T3 T6 oo
= -I T -I -I—ZEU‘ZU :

Current Sink (2/2) o g

-\ BB

* |dentical multi-channel architecture [ I —
requiring identical biasing channels

* Rely on matching between : mu = —3.49654n

e Transistors or H e

* Resistors - /= il

* MC showed : rely on transistor | L7 I

matching I \

LDO
Ref.

T T ¥ ¥ T T
—300.0 —200.0 —100.0 0 100.0 200.0 300.0 400.0

il mu = 1.58005n
1254 1 1 Z N -Ed =2314—25n
0 7 { N = 200
wol [~ | 10.0 i i / - -
Ref. Ta Tt g
oousU 100W/8U 8 e | vilms M
_______ P 1
R2 R
15K 15K
0 _750 _500 250 L 500 750 10 125
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] L] IT¥/UTC w1, u=LHC_Clock_Moise, y=PLL_Dutput_Noise
Verification octave m-files) “ :

* Verify transfer functions of the loop, 0p- SERRRRRRRNS o e * ----------- N
the reference jitter to output and the
VCO jitter to output

Gain in dB
2

» Jitter peaking (JP) is important 1 100 10000 1e+06 1e+08 1e+10

Frequency in rad/sec

B=-11 2.0 s-10 T
line i ——

Te-ll 2.07TRe-10 |
Bl 2,010 b
I0) ™
5}
g st T 2.0
= o
= dacil % 2,07 7a-10
& 5
= =
2 E R
'EII o
= -1 E D010 |

111 2.meds-10 |

L] T2e-10 |
i . . . . . . . . B.0TEs-10 . . N .
n p e i) wn e TR ORI i [ e ] [ ey TR o e ] el [ jln e e ) et ] font ] [loe i) LS i) [=re il TRl [ = iaer] S
Simulation Time [ateps] Simulation Time [steps])
o ! 250 T
Jirm 1 — lirm 1 —
o]
20007 -
30000

2a-11

211 4l Seid Eaid Fall Earid 2,671 2, UPESa-102, T Bt UG-, (B a1 2, 07 P w100 2,07 Fit-00 2, 07 Fidar- 102, 07 PiamL U2, 07 P 49
Introduced Litter [#] PLL Catput Period [#]
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Blocks

Comparator

--------

Shaper tomp.

One

o=

1 1

T cq! CSA R1

L T |

1

! ; Y~ | | ) Shot
I\ 1d R2

| ' 10bit D/A

Auio.35u

6.4u10.350

o Out-

e G B """"""" — """ |
|:| [I T :inf:;u ﬂ):ru i
3 l :
’D_I_l_i in- °
E 2u/0.5u 4uiD.5u |:
3
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LVDS
Driver
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Implementation

Adopted CDR is a
hybrid approach of:

* Gated-VCO, open-
loop, burst-mode

Differential
Gating Signal

o GVCO
Recovered
Data
D Q| o
i
A
)
Buffer Recovered
Clock

If (CIB=5)
AF<20%
endif

. CIkPLL

_ > Eq. Delay
* Filter-based,
closed-loop, PRBS | | prommm et GVCO
continuous-mode Generator i
—= Delay >
it Signal
Edge Detector
Chrystal — Up
PFD ——T ; | D25
| /é?l& | Lveo
. Down i B N\ /
F lcp i K T e ! GVCO'
L 5= C1 :
Local - I :
E___ e— :
[, e
%N .
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